Three dimensional (3D) virtual worlds are regarded as possessing strong capabilities to support collaboration between people. The physical characteristics of the virtual environment are pointed out as responsible for that capability because they create immersive environments that we are familiar with, and are able to involve users in such a way that the feeling of being in the world is frequently reported. Presence, the perception of the virtual as if it were real, may be helpful in realizing how an easier to understand environment can improve collaboration. In this paper, based on a literature review, we look into the relationship between presence and collaboration, and the importance of presence to the understanding of collaboration in 3D virtual worlds.
Introduction
3D virtual worlds are Collaborative Virtual Environments (CVEs) that support collaboration, either for work, social interaction or gaming [1, 2, 3] . A person is within such a world by means of a graphical representation called avatar. Depending on the specific virtual world, the avatar can communicate with others by audio, video, text, and/or gestures, as well as by being present or absent; and it is possible to move around in a virtual world space, interacting with objects and other avatars. Castronova [4] stated in 2001 that a virtual world in a modern sense would have to possess three distinctive characteristics. The first is multiuser interactivity; several people act in the world at the same time, and their combined actions alters the world, including each other's avatars. The second is physicality, which means that not only is a person simulated by an avatar, but also that the simulation rules in the virtual world follow rules inspired by a physical world. And thirdly, persistence, that is, the simulation of the world is continuous, whether the people are using it or not. It has the ability to memorize users, the physical state and position of things in the world, and ownership. This last requirement has since been challenged by Morgado in 2009 , who proposed that the critical aspects to define a system as a virtual world are the avatar-based interaction paradigm (users as avatars immersed in a world, i.e., an integral part of the world) and the ability to provide multiuser interaction support [61;62] , thus abandoning the persistence requirement, which is more related to Castronova's original intent of using virtual worlds as places to perform social sciences research [63] , rather the wider scope of cooperative activities in general. This will be the working definition of virtual worlds for our work. Virtual worlds have been in existence since the early days of computer gaming, but are used mostly since the 1990s [5] , with particular emphasis on entertainment (gaming and social interaction) [3] , but also in other, so-called "serious" fields, such as are education and distance learning [6, 7] , Information Systems and Business [6, 7, 8] , and Project Management [6] .
We have evolved as physical beings and we understand well physical cues [8] like positioning, body orientation, the attentiveness of others, their focus on specific items, etc. These are natural skills that we have and 3D virtual worlds have the ability to allow us to apply at least some of these skills by creating an immersive virtual environment. This intuitively understandable and immersive environment together with technological facilities can be used to enhance collaboration [6] . Features like chat or voice are well known, and their importance for collaboration has already been well addressed by the scientific community, especially in the fields of ComputerSupported Cooperative Work (CSCW) and Groupware. But there are features that can be used in a more intuitive way, and they have already been recognized too but they have not been subject to the same level of scrutiny, at least not by the CSCW community. Hendaoui et al. [7] recognize the use of avatars as an important feature for interaction, and Owens et al. [6] describe three important features for interaction and collaboration: the communication is held in a way similar to the real world; there is the possibility to touch, move and change objects, which enables various modes of feedback and the expression of intentions in non-verbal, somatic ways; there is control over the avatar's appearance, behaviour, and also control over the environment. Not only are these features relevant to cooperation, they are also regarded as relevant to enhance presence. Presence is a subjective personal experience [9] , believed to be related to collaboration [10, 11] .
All operational features of 3D virtual worlds must have an explicit purpose, because they have to be clearly described as a requirement in order to be implemented by programmers. Thus, features like text or audio are built to enhance collaboration in an explicit manner. Many of them are common to other kinds of software, and need to be selected by the users in a determined way in order to be used. In this paper, we reflect on whether here is any contribution in the literature on Presence that can be used to explain how these features improve collaboration. We want to clarify the relationship between Presence and Collaboration, and understand how the subjective experiences in 3D virtual worlds can affect collaboration.
In the next section we present our methodology and research questions for our work. In the third section we define presence, and present the features relating presence with virtual worlds. In the fourth section, we present the features relating collaboration with virtual worlds. In the fifth section, we relate presence with collaboration, and provide answers to the research questions. Finally, in the final section we present the conclusions and future work.
Methodology
To research the relationship between presence and collaboration, we compare the features of 3D virtual worlds that are relevant for presence with those which are relevant for collaboration. To accomplish that, we present two reviews: one focusing on presence and the other on collaboration. With the first we intend to define presence, and reveal the relevant features of virtual worlds from a presence standpoint, and how those feature may impact presence. With the second, we intend to find the features of virtual worlds that are relevant to collaboration and their relationship with it. The objectives of our work are thus summarized in three research questions (RQ): Learning/Training Reviews/Surveys Social/Gaming CSCW The first review was based on articles retrieved from the International Society for Presence Research (ISPR) official web site [12] . A total of 381 articles were retrieved, covering a time span from 1998 to2011. These articles were analysed in two phases. In the first phase, 89 articles were selected based in the fact that they explicitly define presence. The references made in those 89 articles were analysed in order to find the most referenced articles. 549 references were accounted for. From the 89 articles, articles with less than three references were excluded. This value was chosen because it matches nearly 10% of the number of references of the most cited article of the sample, which we consider a suitable threshold. The excluded articles totalize 70.8% of the total. The selected sample includes 35.5% of the references, and only one article belongs to the ISPR [12] publications. Table 1 summarizes these results. The first column (Article) has the references, the second (Nº) the number of references to each article, and in the third (%) the relative representation of those references. In the second phase, from the preliminary analysis of the 381 articles, 186 were found to be related to virtual environments. From these, 15 were selected for being related to collaboration in 3D virtual worlds. The second review was based on an extensive review on Computer-Supported Cooperative Work (CSCW) publications [13] . The selection of publications followed strict criteria based on the analysis of relevant indicators such as number of citations and Web Impact Factor (WIF). From this review we retrieved 26 publications dedicated exclusively to collaboration on virtual worlds. These publications were analysed in search of common terms used across the literature referring to collaboration. Then, the features of the virtual worlds related to the terms were also searched. To analyse the literature, five categories were created to accommodate the subjects of the publications. Fig. 1 (a) shows the distribution of the publications through these categories. The first category is Learning/Training with the majority of the publications reviewed (34.5%). The publications in this category are related to learning or training. The next category is Review/Survey, which accommodates reviews and surveys about virtual worlds, from potential use to their users, etc. This category is the second most represented in this review (31.0%). The third most represented (17.2%) is Social/Gaming, related to publications about the social relations in virtual worlds and/or Gaming. The other two categories are CSCW, for publications explicitly about CSCW in virtual worlds(10.3%), and Technological support for publications about technological matters(6.9%). Fig. 1 (b) shows the distribution through time of the publications and respective category. It can be seen that there has been a growth in the number of publications.
All the reviewed publications reviewed are related to collaboration in virtual worlds, but not all of them use the same terms to express it. The terms related to collaboration that we identified, based on the publications, were: Collaboration, Interaction, Communication, Cooperation, Awareness, Sharing of artifacts, Immersion, and Coordination. Figure 2 shows the total use of these terms in the publications. The use of a term in a publication, regardless of how many times it was used, was accounted for only once. 
Presence defined
From the research of efficiency of different communication media, and the satisfaction of the users, the social presence theory evolved. For the medium, social presence is a subjective quality, based on a diversity of factors such as the capability of transmitting information, non-verbal cues, expressions or focus. For the user, these factors are perceived as sensitive, even intimate, when interacting with other users [18] . Minsky [30] defined telepresence as the "sense of being physically present at a remote environment mediated by the system interface", and Sheridan [16] as the "sense of being physically present with virtual objects at the remote teleoperator site". Steuer [19] distinguishes "presence" from "telepresence". They both are related to the perception of an environment, but "presence" refers to the natural environment, whereas "telepresence" is the perception of a mediated environment. Lombard & Ditton [14] argue that presence is achieved when the user does not perceive nor acknowledges the medium and, therefore, a sense of presence cannot be accomplished without a medium. So, there is no need for the use of the term "telepresence" as they both refer to the same thing. The term "presence" is the most used to refer to the "participant's sense of being there" [21, 33] , "the perceptual illusion of nonmediation" [14] , "a state of consciousness, the (psychological) sense of being in the virtual environment" [9] , or "the subjective experience of being in one place or environment, even when one is physically situated in another" [17] . From these definitions, it becomes evident that these concepts are independent of the technological medium used, and in fact, some authors argue that the theory of presence should be applied to all mediated environments, including television [12, 14, 26, 28, 29] .
Presence has several definitions and meanings, and can be seen as multidimensional [12, 16, 21, 27, 34, 36] , and some authors distinguish between different kinds of presence. Heeter [15] defines three dimensions of presence: personal presence, social presence, and environmental presence. Personal presence is a measure of the feeling of being in a virtual world, and is based on the simulation of real world perceptions, familiarity with the world, and practice in using the world; social presence refers to the existence and interaction with other beings in the word, whether they are other users or artificial agents [32] ; environmental presence refers to the capability of interaction with the virtual environment. Biocca [22, 23] defines physical presence as the simulation of the virtual world in such a manner that is perceived in a way similar to how the physical world is; social presence is the user's feeling of being with another intelligence; and self-presence is the mental model of oneself that the user has in the virtual world. Presence and immersion are distinct concepts [9, 35] . To the ISPR [12] , five dimensions of presence are identified: spatial presence is when the person experiences the feeling of being in another environment instead of the one in which it physically is; sensory presence is when a person experiences the feeling of perceiving sounds, objects and people generated by technology as if they were "real"; social realism refers to the feeling of social characteristics of the environment as "real"; engagement or psychological immersion is when the perceptions of the person are focused on the virtual environment and ignores the physical one; and social presence happens when the person has the feeling of communicating with other people or another intelligence.
Researchers recognise the importance of measuring presence effectively, especially in virtual environments [16, 21, 28] . To Heeter [15] , the feeling of presence is itself a subjective measure, and Slater [31] states that while immersion can be measured objectively, presence cannot because of its subjective nature. Two kinds of measures exist: objective measures, relating to physiological responses; and subjective measures, based on questionnaires [12] [34] . Physiological responses, such as heart rate, blood pressure or respiration, are not yet proved to be related to presence, thus many of the measures used are questionnaire based, and they differ with the research objective, context, or concept of presence [34] . Thus, several measures imply using different techniques to measure presence.
The ISPR [12] defines presence as the psychological state of a person in which the person's perception is unable to correctly acknowledge the role of the technology that is creating the experience. The multi-dimensional nature of presence led to the development of different measures that can be classified as subjective and objective measures [12, 34] . In table 2, a summary of both kinds of measures is presented. 
Collaboration features in Virtual Worlds
The publications in this review cover a time span from 1993 to 2011. Such a large window of time means that earlier publications used older virtual worlds. Since these older virtual worlds gave place to newer ones in this time span, the most recent publications refer to rather different virtual worlds from the earlier ones. Examples of early virtual worlds are DIVE, MASSIVE, NPSET and SPLINE [1, 38] . From 2003, other virtual worlds are mentioned, such as EverQuest [39] , Second Life, and World of Warcraft [40] , among others. Second Life is addressed several times in the reviewed literature, and in Delgarno et al. [41] , it's shown that Second Life is, by far, the most used virtual world in learning environments. Significantly less mentioned are: Active Worlds, OpenSimulator, and There.
Benford [42] states that collaboration in virtual environments is achieved by awareness, interaction, and body language. Embodiment, the use of avatars, is referred by several publications as being a strong contribution towards collaboration [43] , especially when the avatars are customizable [3] . The use of avatars is important to awareness and interaction too [3, 44] , but it has particular interest to communication, especially when they allow the use of gestures and emotions [1, 3, 6, 44, 45] . Other features that are important to support communication are text, audio, and video [1, 3, 6, 42] . The existence of a virtual physical space, as well as physical features such as aura, focus and nimbus [5, 42] , enable interaction, awareness, and the sharing of artefacts [1, 42] .
The reviewed literature on virtual worlds is vague regarding cooperation and coordination. Zagal et al. [46] point out the establishment of rules as an important feature to support cooperation. Owens et al. [6] state that the immediate feedback made possible by communication facilities, and the possibility of viewing each other's objects, are important to enhance coordination. In Table 3 , the collaboration terms that were found and their related features are presented. Some of these features are related to more than one term. Because awareness, interaction, and gestures (that is, communication affordances) can be seen as collaboration features [42] , and since most of the publications suggest that the terms are used in association with collaboration, we will assume that collaboration in virtual worlds is achieved by communication, awareness, interaction, sharing of artefacts and cooperation. Some of the collaboration terms and features presented in Table 3 are common to the literature on presence, namely, communication [47, 48, 49, 50] , awareness [49] , interaction, and cooperation [51] . Another term in common use in the literature is immersion. In the presence literature, Slater & Wilbur [9] distinguish immersion from presence, with immersion being the ability of technology to create the illusion. Witmer & Singer [17] define immersion as a psychological state that happens when the user feels included in an environment and interacts with it. They also define involvement as the psychological state attained by the user in consequence of focusing the attention on certain stimuli. They consider both necessary to experience presence.
Presence and Collaboration in virtual worlds
Romano et al. [10] say that collaboration is related to a strong feeling of shared presence. On the other hand, Kaltenbrunner & Huxor [52] state that immersion and presence developed for 3D virtual worlds, which were created mainly for simulation and gaming, are not fit for CSCW. In general, it is recognized that immersion [10, 51, 52, 53, 54, 55, 56] , non-verbal communication [11, 47, 49, 50, 57, 58] , and interaction [48, 51, 59, 60] are important to create the feeling of presence. Nevertheless, exactly how presence relates to collaboration is not explained. In fact, the relationship between collaboration or CSCW and presence in 3D virtual worlds is not quite clear in the references used. However, a few facts related to collaboration are addressed that suggest a relation with presence.
Non-verbal communication, including social presence cues (proximity, orientation, eye contact and gaze, and physical appearance), and embodiment, improve virtual presence and are important for communication [47, 48, 49, 50] . Besides the importance for communication, non-verbal communication can be used to improve group awareness [49] and collaborative tasks in general [11] . Field of view, manipulation techniques and navigation capabilities improve interaction, and the immersive environment created by 3D virtual worlds enhances cooperative tasks [51] . These facts clearly reveal a relation between collaboration and presence, since communication, awareness, interaction, and cooperation are directly related to collaboration (refer to Table 3) .
On one side, Biocca [22, 23] defines physical presence as the simulation of the virtual world in such a manner that it is perceived in a similar way as the physical world is. On the other side, because we understand well the physical world, the simulation of virtual worlds is easily understood and can be effectively used for collaboration [8, 6] . And Romano et al. [56] verified that low levels of collaboration are coincident with a low or null feeling of presence by the participants. Probably collaboration can exist without presence, but is clear that a strong feeling of presence can enhance collaboration, because the perception of the simulated world as if it was real/physical, helps one understand it.
Presence is a personal subjective experience and, at least in virtual worlds, strongly influenced by the environment, the avatar, and features like gestures and personalization [14, 26, 37] . The way how the psychological process of presence happens, and the reasons for several types of presence are not known [12] , and so, how do environment, the avatar, and other features of virtual worlds work to improve presence cannot be explained yet. In the review about virtual worlds, the same features are referred as important but again, how do they improve collaboration is not well explained. But the features important for presence are also important for collaboration as we have seen earlier. Features like gestures, embodiment, proximity, orientation, eye contact and gaze, and others used in non-verbal communication and impacting awareness, are used in a subjective and intuitive way by users. This intuitive, tacit way of understanding the virtual world eases the use of virtual worlds, and by that enhances collaboration. Then, presence can influence the development of virtual worlds, because it can enhance collaboration by creating more intuitive virtual environments.
Conclusion
In this paper we summarized the theory of presence and we highlighted the features of virtual worlds related to presence and collaboration. We conclude that communication, awareness and interaction are not only important for collaboration and cooperation, but also contribute to improve presence. Presence is related to collaboration by common features, mainly non-verbal ones, such as gestures, personalization of avatars, proximity, orientation, and others. We also conclude that presence can influence collaboration because a stronger feeling of presence helps to understand the virtual world, and allows a more intuitive and easy use of it.
The intuitive or tacit use of features in virtual environments is therefore important for collaboration, and their possibilities should be researched in order to render their connection more clear. The enhanced understanding arising from this would allow presence-related features to be specified in more explicit form, making possible the creation of virtual worlds with those features in mind. Measurement of presence could be a good indication of the collaborative potential of virtual worlds, and should also be subject of more research. Thus, the importance of presence for collaboration in 3D virtual worlds, in our opinion, deserves more attention by the scientific communities interested in the collaboration subject.
